The management of distal (lateral third) clavicle fractures can be challenging because of difficulty in distinguishing subtle variations in the fracture pattern, which may be suggestive of potential fracture instability.[@B1] An analysis of the frequency of distal clavicle fractures by age and sex has revealed that they occur most often in men between 30 and 50 years of age and secondarily in individuals (both men and women) over 70 years of age.[@B2] Distal clavicle fractures are less common than clavicle midshaft fractures and account for 10%--30% of all clavicle fractures. Roughly 30%--45% of all clavicle nonunion fractures occur distally.[@B3][@B4][@B5][@B6][@B7][@B8] Distal clavicle fractures may be treated conservatively or surgically, and there is no gold standard or consensus in the field. Importantly, however, conservative treatment of distal clavicle fractures may result in nonunion or pseudoarthrosis; therefore, surgical treatment is recommended when these fractures are unstable. Various strategies for surgical treatment of distal clavicle fractures have been reported, including precontoured locking plate fixation, hook plate fixation, coracoclavicular (CC) fixation (using a suture anchor, suture button device, or screw), tension band wiring fixation, transacromial Kirschner (K)-wire fixation, and arthroscopically assisted techniques. Although appropriate treatment is needed to help ensure fracture healing and a rapid return to preinjury activities of daily living, definitive treatment strategies have not been established and a variety of techniques are used. In this article, we provide an overview of classification systems and treatment methods for distal clavicle fractures and discuss proper treatment strategies for distal clavicle fractures.

CLASSIFICATION
==============

Several classification systems for distal clavicle fractures have been introduced.[@B7][@B9][@B10][@B11] In 1967, Allman[@B11] suggested classification of clavicle fractures based on anatomic location, an approach that does not consider treatment approaches and/or prognosis. In 1994, Nordqvist et al.[@B7] further classified clavicle fractures based on displacement and comminution of the fracture. Robinson[@B9] proposed a more detailed classification system based on the fracture type (i.e., lateral fifth, medial fifth, and diaphyseal) and further divided each type of fracture based on displacement, angulation, intra-articular extension, and comminution in 1998; however, this approach is limited in that it does not have a specific category for distal clavicle fractures. The Neer classification system is based on the fracture location in relation to the CC ligament on simple anteroposterior radiographs and its involvement. It has been widely used since the 1960s.[@B3][@B4] In 1990, Craig[@B10] introduced a modified version of the Neer classification, which is more detailed and helpful in determining a treatment and prognosis. According to this revised classification system, (1) type 1 fractures occur lateral to the CC ligament with minimal displacement and no involvement of the acromioclavicular (AC) joint; (2) type 2 fractures occur medial to the CC ligament and are divided into two subtypes, subtype 2A (medial to the conoid ligament) and subtype 2B (between the conoid and trapezoid ligaments with a rupture of the conoid ligament); (3) type 3 fractures are similar to type 1 (i.e., also lie lateral to the CC ligament), but they have intra-articular extension; (4) type 4 fractures involve disruption of the periosteal sleeve and the medial fragment gets displaced upwards in children; and (5) type 5 fractures are similar to type 2 (involve a small inferior fragment attached to the CC ligament) and are comminuted. Many surgeons use the modified Neer classification system in the treatment decision-making process. Types 1 and 3 are classified as stable fractures and may be managed conservatively. Types 2 and 5 are classified as unstable fractures, and patients suffering from these fractures complain of pain and functional limitations if treated only conservatively, leading to controversy about how they can be best managed or treated.[@B3][@B4] In 2018, Cho et al.[@B12] suggested a new classification system for distal clavicle fractures because several studies reported that other classification systems had low interobserver and intraobserver reliability and provided limited treatment-related information.[@B13][@B14] The new classification system considers fracture displacement and stability, as well as fracture location, to provide more information for diagnosis and associated treatment options including fixation methods. It is based on simple anteroposterior and oblique views of the AC joint and an axial view in shoulder radiography. This classification system proposed that type I fractures are stable, involve no or minimal displacement (\<5 mm), and can occur in any location, while type II fractures are unstable and have more significant displacement (≥5 mm). As shown in [Fig. 1](#F1){ref-type="fig"}, type II fractures are subcategorized into four subtypes: (1) type IIA (occur medial to the CC ligament and both the conoid and trapezoid ligaments remain attached to the distal fragment); (2) type IIB (occur medial to the CC ligament and the conoid ligament is detached from the distal fragment); (3) type IIC (occur lateral to the CC ligament and both the conoid and trapezoid ligaments are detached from the medial fragment); and (4) type IID (involve comminution with the inferior fragment that remains attached to the CC ligament). This classification system showed moderate interobserver (κ = 0.434) and substantial intraobserver (κ = 0.644) reliability and was designed to help surgeons choose the most appropriate treatment option and implant type for each type of fracture ([Fig. 2](#F2){ref-type="fig"}).[@B12]

TREATMENT OPTIONS
=================

Distal clavicle fractures can be treated conservatively or surgically. Results of the management depend on several key factors (e.g., fracture displacement and involvement of CC ligament, which lead to unstable fractures.) Most nondisplaced or minimally displaced fractures can be successfully treated by conservative treatment. In contrast, type II fractures (Neer or Cho\'s classification) are unstable and may have poor outcomes with conservative management.[@B3][@B12] Rokito et al.[@B15] reported similar results of the conservative treatment group and surgical treatment group with Neer type 2 fractures regarding pain, function, and strength. However, they observed high nonunion rates (44%), cosmetic problems, or prolonged sling wearing in the conservative group while all in the surgical group had bony union after surgery. Nonunion rates following conservative management of Neer type 2 fractures range from 28% to 44%.[@B3][@B4][@B6][@B15][@B16][@B17][@B18] Therefore, the best approach to the management of Neer type 2 fractures remains controversial. Modified Neer type 5 fractures are similar to type 2 fractures; therefore, they can be considered together. Usually, surgical indications for distal clavicle fractures are as follows: (1) unstable fractures without bony contact and (2) all open fractures with skin compromise and associated neurovascular injury.[@B4][@B19] As the nonunion rate is so high, displaced and unstable distal clavicle fractures should be treated surgically.

Conservative Treatment
----------------------

Conservative treatment of distal clavicle fractures includes immobilization with an arm sling or a figure-of-eight bandage. Recently, arm slings have become more commonly used because of patient comfort. Figure-of-eight bandages are not known to have better outcomes and are associated with several problems (e.g., temporary neurovascular dysfunction and pseudoarthrosis.)[@B20] Banerjee et al.[@B1] recommended sling immobilization for 2 weeks and shoulder motion as soon as the initial pain improves. Robinson and Cairns[@B17] reported that conservative management of displaced distal clavicle fractures in 101 patients resulted in good mid-term functional results. Except for seven patients who underwent immediate internal fixation, all patients with a displaced distal clavicle fracture were treated conservatively. There were 57 Neer type 2A fractures, 33 Neer type 2B fractures, and 11 Neer type 3 fractures. The mean Constant-Murley score (CMS) in the conservatively treated group was 93 points. However, 21 of 101 patients had asymptomatic nonunion, 11 had a symptomatic nonunion, and three developed AC joint arthritis; a delayed reconstructive procedure was required at a later follow-up in these 14 patients with nonunion.

Precontoured Locking Plate Fixation with or without CC Fixation
---------------------------------------------------------------

Precontoured locking plates provide firm fixation of the fracture site and allow for early motion of the affected arm. They are precontoured for anatomical fit with the distal clavicle and facilitate multi-planar fixation of the distal fragment and better stability of the small fragment.[@B21] In addition, this type of plate is not associated with impingement of the subacromial space because it allows for fixation of the fracture site without crossing the AC joint.

Several studies have reported outcomes of precontoured locking plate fixation for the treatment of distal clavicle fractures. Lee et al.[@B22] reported on 35 patients with Neer type 2 distal clavicle fractures who had been treated with a precontoured locking plate and an interfragmentary screw (if necessary) without CC stabilization. Bony union was achieved in all patients without major complications (e.g., nonunion, implant failure, and deep infection) and good functional outcomes were obtained (e.g., no significant difference in CMS and the University of California Los Angeles \[UCLA\] shoulder score compared to the contralateral shoulder). Tiren and Vroemen[@B23] prospectively evaluated the results of fixation with locking plates. Seven patients with displaced Neer type 2 distal clavicle fractures were treated and all achieved bony union without complications and excellent functional scores (CMS, 98; Disabilities of the Arm, Shoulder, and Hand \[DASH\] score, 3.6; and Self-Reporting Questionnaire, 97). Vaishya et al.[@B21] reported 32 patients with Neer type 2 distal clavicle fractures treated by precontoured locking plate fixation without CC stabilization. They obtained bony union in 31 out of 32 cases with one case suffering from asymptomatic malunion. Shin et al.[@B24] treated 25 patients with unstable distal clavicle fractures by using precontoured locking plates without CC ligament augmentation and achieved bony union in all patients and satisfactory clinical outcomes (CMS, 92; UCLA score, 4.6).

Although several studies have reported satisfactory clinical outcomes, instability caused by CC ligament injury is a main potential challenge when treating displaced Neer type 2 fractures. Therefore, there have been some studies where patients were treated with a combination of locking plate and additional CC fixation using suture anchors or buttons to augment and repair the CC ligaments.[@B25][@B26][@B27] Johnston et al.[@B25] introduced a surgical technique designed to treat unstable Neer type 2 distal clavicle fractures by using a precontoured locking plate and CC fixation with a suture button. Six patients underwent treatment using this technique and all achieved a bony union and good clinical outcomes. Seyhan et al.[@B28] evaluated 36 patients with Neer type 2B fractures and divided them into three groups according to the surgical option: (1) tension band and CC fixation with a suture and K-wire (group 1); (2) a precontoured locking plate and CC fixation with a screw (group 2); and (3) a precontoured locking plate and CC fixation with TightRope (Arthrex, Naples, FL, USA; group 3). At 3, 6, and 12 months of follow-ups, the mean CMS was statistically significantly better in group 3 than in the other two groups (95.0 ± 5.1 in group 1, 95.33 ± 3 in group 2, and 99.1 ± 1 in group 3). Han et al.[@B27] treated 12 patients with Neer type 2B distal clavicle fractures with precontoured locking plates combined with suture anchor augmentation of the CC ligament. All 12 patients achieved bony union within 12 weeks without major complications and satisfactory functional outcome.

Many authors have reported good to excellent outcomes in patients treated with precontoured locking plates with or without CC fixation; locking plate fixation has recently become a treatment of choice for specific fracture patterns, which have enough large distal fragments to insert screws. However, because the use of precontoured locking plates with or without CC fixation is not ideal for all patterns of distal clavicle fractures, surgeons should consider various treatment options. Nevertheless, it is our belief that precontoured locking plate fixation is one of the best options for unstable distal clavicle fractures including type IIA, B, and D fractures in Cho\'s classification system ([Fig. 3](#F3){ref-type="fig"}).[@B12]

Hook Plate
----------

The hook plate is a useful fixation device and widely used for Neer type 2 unstable distal clavicle fractures. If the distal fragment is too small to insert screws, a hook plate may be a reliable option.[@B1] The hook is located under the acromion and provides distal leverage that helps maintain reduction of the superiorly displaced medial fragment.[@B29] According to the individual\'s acromial slope, plates with different hook depths can be used. Numerous studies have reported that hook plate fixation yields satisfactory outcomes (e.g., bony union and shoulder function).[@B30][@B31][@B32][@B33][@B34][@B35][@B36][@B37][@B38][@B39][@B40] Kashii et al.[@B37] reported on the results of 34 patients with Neer type 2 distal clavicle fractures treated with hook plates. Bony union and good clinical results were achieved in all patients and complications were limited to an acromial fracture (n = 1) and a rotator cuff tear (n = 1). Good et al.[@B41] reviewed 36 patients who underwent fixation with a hook plate and reported a union rate of 95%. Although there were no patients with complications, two patients presented with a peri-implant fracture after another trauma. Therefore, they recommended plate removal within 6 months postoperatively. Lee et al.[@B40] evaluated 35 patients who were treated with hook plates for Neer type 2 distal clavicle fractures. They compared clinical and radiologic outcomes and complications between Neer type 2A and type 2B and reported that all patients had a bony union and satisfactory clinical outcomes (UCLA score, 32.6; the American Shoulder and Elbow Surgeons \[ASES\] score, 83.5). Additionally, they reported no significant difference in outcomes between type 2A and type 2B fractures.

However, surgeons should consider several key hook-related complications (e.g., subacromial space inflammation, rotator cuff impingement, hook cut-out, acromion osteolysis, and fractures.)[@B31][@B37][@B42] Many authors recommend removal of the hook plate within 3 and 6 months after surgery. Oh et al.[@B31] reviewed a total of 425 patients from 21 articles: 60 were treated conservatively and 365, surgically. Among the 365 patients who were treated surgically, 162 were managed by the hook plate and the others, by CC fixation, intramedullary fixation, tension band wiring, or interfragmentary fixation. The nonunion rate was not significantly different among the fixation methods; however, the complication rate was significantly higher in patients treated with a hook plate (40.7%). Zhang et al.[@B43] compared the clinical outcomes of 66 patients who underwent surgical fixation with precontoured locking plates (n = 36) and hook plates (n = 30) and noted no significant differences in union rate and CMS; however, the group treated with hook plates had a significantly higher rate of complications (5.6% vs. 23.3%) and lower ability to return to their work in 3 months (94.4% vs. 73.3%). In a recent meta-analysis, Asadollahi and Bucknill[@B29] evaluated 11 studies including 634 patients to compare the outcomes of hook plates with those of other fixation methods. Hook plate fixation groups had a higher rate of complications than those treated with CC fixation or locking plates; however, there was no significant difference between functional outcomes and union rates among the groups treated with hook plates, CC fixation, and locking plates. They reported that subacromial osteolysis and erosion were the most common complications followed by AC joint arthrosis and peri-implant fractures.

Although hook plate fixation is a reliable option for distal clavicle fractures with very small distal fragments, fractures with severe comminution or an osteoporotic bone are associated with high complication rates related to impingement, implant design, and wounds; plate removal can decrease these risks, but increase medical costs and the risk of comorbidities. Thus, hook plate fixation could be a useful option for type IIB or IID fractures according to Cho\'s classification.[@B12]

Isolated CC Fixation Using Screws or Flexible Methods
-----------------------------------------------------

CC screw fixation has been a popular method for the treatment of distal clavicle fractures since it was first introduced by Bosworth in 1941. Several authors reported results of the CC fixation method using screws.[@B44][@B45][@B46][@B47] Fazal et al.[@B44] published a 30 patient case series of temporary CC screw fixation. All patients achieved bony union and returned to their previous activity level by 1 year postoperatively, and screws were removed after bony union. However, CC screw fixation is associated with some key complications (e.g., screw loosening \[backing out\], limitations of shoulder motion before union, and incorrect screw position). Therefore, screw fixation has been substituted by flexible CC fixation using sutures, suture anchors, tape, or suture button devices.

Yang et al.[@B48] treated 29 patients with unstable distal clavicle fractures with single CC suture fixation using Mersilene tape (Ethicon, Somerville, NJ, USA) without CC reconstruction or hardware fixation. They were able to follow 28 patients and bony union was achieved in all. They reported no major complications and good to excellent clinical results. Mirbolook et al.[@B49] evaluated 43 patients with distal clavicle fractures fixed by two pins on the AC joint and one suture anchor for CC fixation. All patients had bony union at a mean of 4.5 months without major complications. Mean CMS was 92.3 ± 4.06 at 12 months postoperatively. Kanchanatawan and Wongthongsalee[@B50] evaluated 39 patients with unstable distal clavicle fractures managed by CC fixation using the bidirectional CC loop technique. All patients achieved bony union without major complications and had good functional outcomes and CMS (92.33). However, enlargement of the clavicle drill hole was observed in nine patients at 30 months or later; therefore, a second operation was needed to remove the buttons and suture loops. Cho et al.[@B51] also reported satisfactory radiological and clinical outcomes following CC fixation using a TightRope in 18 patients with Neer type 2B fractures ([Fig. 4](#F4){ref-type="fig"}). They highlighted that the primary advantage of CC fixation is that implant removal is not required.

In several comparative studies, CC flexible fixation has been reported as providing satisfactory results. Yan et al.[@B52] compared the clinical results of CC ligament reconstruction using suture anchors with those using an autologous gracilis tendon (21 patients) and a hook plate (21 patients) in a total of 42 patients. All patients in both groups achieved bony union without major complications and satisfactory clinical outcome at the last follow-up. However, the mean CMS in the CC reconstruction group was significantly higher than that in the hook plate group in the early postoperative period. Hsu et al.[@B53] reported better outcomes and lower complication rates of CC loop technique fixation using Mersilene tape (Ethicon, Somerville, NJ, USA) than those of hook plate fixation. The mean CMS was significantly higher in the CC loop group (95 vs. 87) and the complication rate was significantly lower in the CC loop group (0% vs. 24.5%); the nonunion rates and UCLA scores were not significantly different between the groups.

Arthroscopic Technique
----------------------

Since arthroscopic techniques were reported to manage AC joint problems successfully, some authors have proposed arthroscopic surgery or arthroscopically assisted surgery for the treatment of distal clavicle fractures.[@B54][@B55][@B56][@B57][@B58] Most studies performed CC fixation with arthroscopic reduction of displaced fractures to obtain several key advantages: minimal invasiveness, early rehabilitation, decreased postoperative pain, reduced wound problems, and ability to handle concurrent shoulder joint problems such as impingement, rotator cuff tear, or superior labrum anterior and posterior lesions. On the other hand, arthroscopic surgery is technically demanding, requires a high level of skill that can be developed over many years, and is associated with additional time and costs.[@B2][@B58] Pujol et al.[@B58] introduced an arthroscopic reduction and CC fixation technique using TightRope for the treatment of distal clavicle fractures. They treated four patients with distal clavicle fractures and reported good clinical outcomes. Kraus et al.[@B55] evaluated 23 patients who underwent arthroscopic CC fixation using TightRope with interfragmentary cerclage. At the time of the final follow-up, the union rate was 90% (18 of 20 patients); there were two cases of asymptomatic nonunion. These patients achieved good clinical scores (i.e., mean subject shoulder value was 95.1, and mean CMS was 88.7). Loriaut et al.[@B54] reported on outcomes of 21 patients with Neer type 2B distal clavicle fractures who were treated with an arthroscopically assisted CC fixation using a TightRope. Bony union was achieved in all patients but one who experienced an implant failure at 6 weeks. However, this patient had no symptoms at the final follow-up and did not need additional treatment. Sautet et al.[@B59] introduced an original fixation technique for Neer type 2B distal clavicle fractures, in which arthroscopically assisted subcoracoid suture with Dog Bone clavicular buttons (Arthrex) were used. They performed this surgery on 14 patients and obtained bony union within 3 months in all patients except one patient who experienced delayed union. Recently, Mochizuki et al.[@B60] reported on the treatment of 45 patients with Neer type 2B distal clavicle fractures with the following procedures: (1) an arthroscopically assisted procedure with a synthetic conoid ligament reconstruction using ZipTight (Zimmer Biomet, Warsaw, USA) and (2) fracture site fixation with K-wires. Bony union was achieved in all patients and there were no cases of nonunion or major complications. They obtained highly satisfactory clinical outcomes (Quick DASH, 3.8 ± 2.8; ASES, 92.3 ± 3.2; and CMS, 94.1 ± 3.0) at 1-year follow-up. Although these studies reported good radiologic and clinical results, there are several limitations of the arthroscopic techniques: e.g., level IV study with a small number of cases, technical report, and no unified fixation materials.

K-Wire Fixation and Tension Band Wiring
---------------------------------------

In 1963, Neer[@B3] recommended the classification system of lateral clavicle fractures and introduced transacromial K-wire fixation. Eskola et al.[@B61] described good or satisfactory results in 22 of 23 patients; however, 26% experienced at least one complication or nonunion. In particular, migration of the K-wires into internal organs was a serious complication.[@B62][@B63][@B64] Transacromial K-wire fixation may not be the most appropriate treatment option for patients with type 2 distal clavicle fractures. Although several studies[@B65][@B66][@B67] reported that Knowles pin fixation provided better outcomes and lower complication rates than K-wire fixation did, threaded wires could also migrate to other internal structures.[@B68] Therefore, the K-wire fixation method is no longer commonly used. However, Kwak et al.[@B69] recently described a modified Neer\'s technique using multiple Steinmann pins and reported satisfactory results. They used multiple transacromial Steinmann pins (2.0 mm) and transcortical fixation rather than intramedullary fixation with or without interfragmentary fixation using 2.7 mm screws.

Tension band wiring has been known as a reliable method for the management of distal clavicle fractures. Several studies reported that tension band wiring could achieve good union rates and excellent clinical scores without complications.[@B70][@B71] Recently, Choi et al.[@B72] reported outcomes of 13 patients who underwent modified tension band fixation and CC fixation for Neer type 2B distal clavicle fractures. Bony union was achieved in all patients at a mean of 12.6 weeks. One patient experienced a new fracture around the holes drilled for CC fixation. Because tension band wiring is also associated with complications similar to those of transacromial K-wire fixation (K-wire migration and wire breakage), it is of paramount importance to select optimal patients and apply proper surgical techniques.

CONCLUSIONS
===========

Distal clavicle fractures account for roughly 10%--30% of all clavicle fractures and some may be treated by conservative management. It is widely accepted, however, that unstable distal clavicle fractures require surgical treatment to obtain superior clinical outcomes (i.e., lower nonunion rates) compared to those of conservative treatment. There are many fixation options for the treatment of distal clavicle fractures, such as precontoured locking plate, hook plate, CC fixation with a screw or flexible material, arthroscopic technique, tension band wiring, and transacromial fixation. Several systematic review articles have highlighted that precontoured locking plate fixation provides better clinical scores and lower risks of complications than other fixation methods.[@B2][@B73] However, to date, consensus has not been reached on which fixation method is the gold standard. Furthermore, there are no prospective randomized studies enabling a comparison of these different approaches. Therefore, surgeons should be skilled with various fixation methods and decide with their patient which approach is most appropriate for them. Further studies with high levels of evidence are needed to determine the best treatment approach for distal clavicle fractures.
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![Cho\'s classification system of distal clavicle fractures. CC: coracoclavicular. Reprinted from Cho et al.[@B12] according to the Elsevier user license.](cios-12-135-g001){#F1}

![Treatment algorithm based on Cho\'s classification system. CC: coracoclavicular, IM: intramedullary fixation. Reprinted from Cho et al.[@B12] according to the Elsevier user license.](cios-12-135-g002){#F2}

![A 68-year-old woman with a type IID distal clavicle fracture on the left shoulder was treated by precontoured locking plate fixation without other procedures. (A) Preoperative radiograph. (B) Postoperative radiograph. (C, D) Radiographs obtained at 14 months after surgery showing complete bony union and plate removal.](cios-12-135-g003){#F3}

![A 44-year-old woman with a type IIC distal clavicle fracture on the left shoulder was treated by TightRope (Arthrex, Naples, FL, USA) fixation with additional circumferential suture. (A) Preoperative radiograph. (B) Postoperative radiograph. (C) Radiograph obtained at 12 months after surgery showing complete bony union with subsidence of the clavicular button.](cios-12-135-g004){#F4}
